abstract BACKGROUND AND OBJECTIVE: Care for neonatal abstinence syndrome (NAS), a postnatal drug withdrawal syndrome, remains variable. We designed and implemented a multicenter quality improvement collaborative for infants with NAS. Our objective was to determine if the collaborative was effective in standardizing hospital policies and improving patient outcomes.
Neonatal abstinence syndrome (NAS) is a drug withdrawal syndrome experienced by opioidexposed infants shortly after birth. Infants with NAS exhibit a constellation of clinical signs, including irritability, sleep disturbances, poor feeding, hypertonia, and tremors. 1 Over the last decade, the number of infants with NAS grew nearly 5-fold, in parallel with an increase in opioid use in pregnancy. [2] [3] [4] [5] [6] Although the number of infants with NAS grew, several studies reported variable approaches to diagnosis and treatment of the syndrome. 7, 8 In response to the growth and variable treatment of these infants with NAS, the American Academy of Pediatrics (AAP) released a policy statement in 2012 calling for standardization of care delivered to infants with the syndrome. 1 In 2012, the Vermont Oxford Network (VON) embarked on a multicenter quality improvement collaborative that aimed to standardize NAS hospital care. The objective of the quality improvement collaborative was to determine if implementation of evidence-based potentially better practices (PBPs), supported by interactive webinars, real-time feedback of outcomes, and sharing of improvement practices through electronic forums, was effective in standardizing hospital care and improving infant outcomes. The primary objective of the present article was to evaluate if centers participating in the quality improvement collaborative were effective in standardizing hospital care for infants with NAS and if this outcome was associated with improvements in length of pharmacotherapy treatment (LOT) and hospital length of stay (LOS) among infants who required pharmacotherapy for the syndrome.
METHODS

Study Design and Setting
This prospective cohort study was conducted by using serial crosssectional audits of centers enrolled in the VON NAS Internet-Based Quality Improvement Collaborative (iNICQ). VON is a not-for-profit organization that aims to improve the quality, safety, and value of medical care delivered to infants and their families through research, education, and quality improvement. 9 Each year VON chooses a topic or care process that the community believes merits intensive focus. 10 In 2012, the network launched a quality improvement collaborative focused on standardizing care and improving outcomes of infants and families affected by NAS. Tables 5 and 6 ).
To assess the primary outcomes, serial preplanned quality audits were performed in February 2013, August 2013, February 2014, and August 2014 (Fig 1) . The audit included both hospital-and patient-level measures; questions were derived primarily from published AAP guidelines. Auditors were instructed to review records for all discharged infants who received pharmacotherapy for NAS during a 3-month period before the audit and to submit data on the most recent 30 patients discharged in the time period. Infants were included in the cohort if they were diagnosed with NAS, identified by using the International Classification of Diseases, Ninth Revision, Clinical Modification, code 779.5, and required pharmacotherapy (Supplemental Appendix A). Auditors received manuals of operation with standardized definitions for each measure. This project was classified as not human research and considered exempt by the institutional review board of the University of Vermont. Each participating center was provided with institutional review board sample materials and instructed to obtain the necessary determinations that may be required at their local site.
Interventions for the quality improvement collaborative focused on the following: (1) an extensive quality improvement toolkit; (2) a series of Internet-based interactive webinars (Supplemental Appendix B); (3) exposure to a center of innovation via a virtual video visit and facilitator's guide; (4) standardized data collection; and (5) iterative coaching and feedback on process and outcome measures.
The VON NAS toolkit served as a blueprint for centers to evaluate their institutional processes and apply evidence-based PBPs. The literature does not support a single best practice for care provided to infants with NAS; therefore, practices were evaluated in the literature to craft PBPs. The term PBP is used because a practice is not "better" until it is shown to work in the local context and culture of a unit. 11 Teams were encouraged to set a clinical aim, value aim, and family-centered care aim, and to use the model for improvement, implementing small practice changes by using a Plan-Do-Study-Act methodology, to measure and evaluate the impact of the PBPs in their local context. The NAS toolkit focused on 3 specific PBPs: (1) develop and implement a standardized process for the identification, evaluation, treatment, and discharge management of an infant with NAS; (2) develop and implement a standardized process for measuring and reporting rates of NAS and drug exposure; and (3) create a culture of compassion, understanding, and healing for the mother-infant dyad affected by the issue of NAS.
The curriculum included case studies and data-driven improvement stories from institutions to highlight successful PBP implementation. For example, for PBP 3, a virtual video visit was conducted at 2 centers in Vancouver, British Columbia. "Sheway" is a comprehensive community-based outpatient center for pregnant women with substance use that is carefully linked to the hospital-based unit. "Families in Recovery" is a comprehensive inpatient program that uses a rooming-in model of care, as well as intense coaching and support, to provide care for substance-exposed infants. The video offered teaching and guidance around creating nonpunitive, trauma-informed, family-centered services for women who are pregnant or newly parenting.
Audit data were collected by each center and reported to VON through the use of an online data portal. Local data were immediately reported back to the center at the completion of data entry. The aggregate data were reported back to centers, comparing their processes and patient-level outcomes versus those of their peers.
Exposure Measurement
Several hospital-and patient-level outcomes were assessed throughout the collaborative to quantify the degree of care standardization. Hospital standardization was measured through serial assessment of hospital policies addressing the following collaborativefocused guidelines: maternal substance use screening; NAS evaluation and treatment; scoring practices; pharmacologic and nonpharmacologic treatment; and the use of human milk for substanceexposed infants.
Outcomes
Patient-level outcomes for NAS included LOT, LOS, discharge on human milk, discharge with a parent, and discharge on a medication. The audit process is described in Supplemental Appendix A and Supplemental Figure 2 .
Data Analysis
Descriptive statistics were generated. Separate time series analyses were then conducted for hospital-and patient-level outcomes. All patientlevel models used generalized estimating equations, controlling for potential patient-level confounders (eg, gestational age, transfer status, discharge home on medication) and clustering of multiple observations at the hospital level. To account for differences in data structure, categorical measures used the binomial distribution, LOS measures used a negative binomial distribution, and the number of policies used Poisson distribution. Models were fit, clustered according to hospital, to evaluate changes in patient outcomes over time. To assess if the results were influenced by initiation or termination of a center, a sensitivity analysis was performed that was restricted to centers that reported data in audits 1 and 4. Lastly, we sought to explore the relationship between hospital policies and our key outcomes (LOT and LOS). We fit negative binomial models by using generalized estimating equations to evaluate the relationship of institutional policies with our outcomes after accounting for patient-level confounders and clustering according to hospital and audit number. Interactions were tested between hospital policies and audit number. P values < .05 were considered statistically significant. Analyses were completed by using 
RESULTS
A total of 199 centers participated in a VON iNICQ quality audit. Overall, 82.9% of centers housed a NICU and 42.2% were classified as "level B" (no restrictions on assisted ventilation, performed most major surgeries, except cardiac surgery requiring bypass). Most participating centers (98.5%) were in the United States, with the northeast (34.7%) being the most common geographical region represented. Centers from the United Kingdom and Canada also participated in the collaborative (Supplemental Table 7 ).
During our study period, the 199 centers audited 3458 infants with NAS. Most audited infants (77.6%) were born at term and treated with morphine (83.3%). Overall, 34% were discharged from the hospital on a medication taper; however, the proportion of infants on a medication taper decreased throughout the course of the collaborative from 39.7% to 26.5% (P = .02). Although most infants (70.6%) were discharged from the hospital with their parent, nearly one-quarter was discharged to foster care (Table 1) .
Participating centers were successful in standardizing care, increasing their mean number of policies from 3.7 to 5.1 of 6 total measured policies (P < .001). Centers improved in polices focused on maternal substance screening from 75.4% to 89.8% (P = .002), evaluation and treatment of substance-exposed infants from 76.2% to 95.0% (P < .001), standardized NAS scoring from 44.8% to 76.5% (P < .001), inclusion of nonpharmacologic treatment strategies for NAS from 59.1% to 84.0% (P < .001), standardizing the pharmacologic treatment of NAS from 68.0% to 91.6% (P < .001), and policies regarding the provision of human milk for substance-exposed infants from 48.6% to 72.3% (P < .001) ( Table 2) .
After accounting for differences in patient characteristics, there were decreases in median (interquartile range) LOT from 16 days (10 to 27 days) to 15 days (10 to 24 days; P = .02) and LOS from 21 days (14 to 33 days) to 19 days (15 to 28 days; P = .002) ( Table 3) . Results of supplemental analysis restricted to institutions that reported data only in audits 1 and 4 were no different from the main analysis and are presented in Supplemental Tables 8 and 9 .
An exploratory analysis was performed to determine if specific hospital policies were associated with improvements in LOT or LOS. After accounting for gestational age, inborn status, being discharged from the hospital on pharmacotherapy, and other NAS policies audited, we found that policies to standardize NAS scoring were associated with changes in LOT of -2.1 days (95% confidence interval [CI], -3.6 to -0.6) and LOS of -3.1 days (95% CI, -4.9 to -1.4). In this exploratory analysis, there were no other statistically significant changes in adjusted LOT or LOS, and the interaction of policies according to audit number was not statistically significant (Table 4 ). 
4
DISCUSSION
Among 199 centers across the United States, Canada, and the United Kingdom, participation in a quality improvement collaborative focused on evidence-based and processoriented standardization was associated with increasing hospitallevel processes with reductions in LOT and LOS. This large-scale collaborative was focused on building interdisciplinary teams to foster engagement in structured quality improvement. Teams developed and implemented a process for identification, evaluation, treatment, and discharge management of infants with NAS. Each center's efforts were augmented and supported by a toolkit of PBPs informed by the literature, bimonthly webinars, standardized data collection, and near real-time feedback on outcomes relative to peer institutions. Our study reinforces findings from smaller studies that standardizing care to infants with NAS improves clinical outcomes. 12 Over the last decade, the rate of NAS has grown substantially across the United States; however, LOS has remained stagnant. 2, 6 Data suggest that hospitals vary in identification 8 and management 7, 8 of infants with NAS. There have been several innovations over the last decade in the management of opioid-dependent mothers 13 and infants with NAS, 14, 15 but it is unclear how broadly these innovations have been adopted. In 2012, the AAP issued a policy statement focused on management of substance-exposed infants. The AAP called for all centers that might care for infants at risk for NAS to establish guidelines for the following: (1) screening for maternal substance use; (2) nonpharmacologic treatment of infants with NAS; (3) scoring signs of NAS; (4) breastfeeding; (5) pharmacologic management; and (6) duration of observation of exposed infants. 1 Rather than relying on NICUs to respond individually to the AAP's policy, VON sought to facilitate guideline uptake. Participating NICUs shared common interests, worked collaboratively, shared information and ideas, and developed standardized practices. The collaborative was effective in standardizing overall practice in each domain.
In serial cross-sectional audits of patient outcomes, we found improvements in the median LOT (16 to 15 days) and LOT (21 to 19 days) even as the proportion of infants discharged from the hospital on medication decreased substantially from 39.7% to 26.5% (P < .001). Two recent studies from the Ohio NAS collaborative found that standardization, defined as stringent adherence to a treatment protocol, was more effective in reducing LOS than choice of a specific opioid (ie, methadone versus morphine). 12, 16 In addition to protocol adherence, the evidence for treatment improvements for NAS is building. For example, data suggest that breastfeeding an infant who has NAS, when medically appropriate, 17 can decrease the need for NAS treatment 18 ; however, breastfeeding rates among infants with NAS are reportedly low. 19 Even after participation in the collaborative, >25% of participating institutions lacked a protocol to address breastfeeding for substance-exposed infants.
Each participating hospital served as their control group by using participation in the collaborative as a natural experiment. Hospitals audited patients and policies before 5 For LOT and LOS: Audit 1, n = 1050; Audit 2, n = 991; Audit 3, n = 797; and Audit 4, n = 620. For length of NICU stay: Audit 1, n = 922; Audit 2, n = 890; Audit 3, n = 669; and Audit 4, n = 534 . IQR, interquartile range. a After accounting for gestation age, transfer status, discharge home on medications, and clustered according to hospital. by guest on November 17, 2017 http://pediatrics.aappublications.org/ Downloaded from beginning their improvement process (Fig 1) , followed their progress forward, and were able to compare findings with those of their peers. In our exploration of the association of hospital policies with LOT and LOS, we find that standardizing the NAS-scoring process was associated with decreases in LOT of -2.1 days (95% CI, -3.6 to -0.6) and LOS of -3.1 days (95% CI, -4.9 to -1.4), after accounting for infant characteristics and other hospital policies. Several scoring systems for NAS have been shown to suffer from problems of interrater reliability, 20 making it an optimal target for improvement. Importantly, the interaction of standardizing scoring according to audit number was tested and was not statistically significant, suggesting that either our hospital sample was not large enough to detect a change or that this finding was associated mainly with hospitals that had a policy in place for the duration of the collaborative.
In February 2015, the Government Accountability Office released a report that highlighted gaps which exist in research and the care delivery of mothers with opioid dependency and infants with NAS. 21 Despite these well-documented knowledge gaps, we found that care can be improved through rapidcycle quality improvement efforts utilizing PBPs. In the future, large networks such as VON could be used to test and implement NAS treatment innovations, including protocol and quality metric development. Our collaborative was unique in the existing literature in its rapid-cycle, real-time center data feedback, inclusion of birth hospitals with no associated NICU, and in its ability to address the maternal-infant dyad in a holistic fashion. The collaborative was not limited to improving processes solely targeting infant medical care and included understanding and engaging families by use of principles of trauma-informed care. Such an approach may offer useful, largescale improvement efforts that can target vulnerable populations.
We found that nearly 30% of infants were not discharged from the hospital with their mothers, highlighting the syndrome's societal toll. NAS increased nationwide 2 as the number of women using opioid pain relievers during pregnancy also grew. 3, 4 Furthermore, several recent studies directly associate use of opioid pain relievers in pregnancy and NAS. [22] [23] [24] Primary prevention strategies aimed at reducing unnecessary prescribing to women of childbearing age are needed.
Several states joined the VON collaborative as a statewide initiative. These state collaboratives provided additional support and coaching to participating hospitals, and they conducted statewide meetings to foster greater collaboration among centers. State collaboratives developed strong and lasting partnerships with their state health departments and other state organizations, including payers, child protection agencies, and early intervention services. States play an important role in improving care delivered to infants who have NAS. Medicaid, the primary payer for an estimated 80% of infants with NAS, 2, 6 is jointly financed by the federal and state governments 25 and is administered at the state level. In response to rising rates of NAS (largely associated with use of opioid pain relievers), 22, 24, 26 states developed several strategies to combat the problem, including public reporting of NAS, 22 statewide task forces, 27 and state-funded perinatal collaboratives. 28 Such partnerships are vital in improving care for complex problems such as NAS. Investment in this collaborative was likely cost-saving for states that supported center engagement. Using 2012 estimates, we estimated that reducing the hospital LOS by 2 days nationwide would result in a savings of an estimated $170 million in hospital charges. 6 As a prospective serial crosssectional analysis, the present study has important limitations to consider. First, we have limited data on differences in maternal antenatal drug use, which can affect NAS LOT and LOS. 13, 24 Next, as a serial crosssectional analysis, it is possible that an unmeasured confounder (eg, patient-level genotype) 29 may have influenced our results. Because some state collaboratives enrolled as a group, these geographic areas (eg, the northeast region) are overrepresented in our sample, perhaps limiting the generalizability of our findings. In addition, given the challenges with accurately identifying all substance-exposed infants, only audited infants who were pharmacologically treated were included in the audit, potentially biasing our results to the null. Errors of omission and commission (ie, misclassification bias) are possible in data collection. This collaborative was not designed to measure compliance to hospital policies centrally implemented; however, teams were encouraged to do so locally. Lastly, there was no control group of hospitals that did not participate in the collaborative to compare results over time, raising the possibility that the changes in LOS and LOT we observed were not due to the collaborative; however, recent studies suggest that LOS for NAS has not changed 2, 6 or increased 5 in recent years.
CONCLUSIONS
Involvement in a multicenter, multistate quality improvement collaborative that was focused on infants with NAS was associated with increases in standardizing hospital patient care policies and decreases in health care utilization. The data provide support for the AAP's call for standardizing NAS care, which we have shown is associated with improved outcomes. Furthermore, it provides evidence supporting the use of a novel model to promote rapidcycle adoption of practice guidelines. State governments and health agencies play an important role in improving neonatal care and have the potential to garner significant savings by partnering with structured systematic quality improvement collaboratives. Tables 5 and 6 ).
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